Objective: GH deficiency (GHD) in adults is associated with adverse effects on metabolism and increased cardiovascular risk. Pregnancy-associated plasma protein-A (PAPP-A) is a protease that promotes IGF-I availability in vascular tissues. PAPP-A levels appear to correlate with carotid intima-media thickness and have been proposed as an early predictor of cardiac events. The aim of our study was to evaluate PAPP-A levels in GHD adults at baseline and after GH replacement and correlate them with changes in body composition, lipid profile, glucose homeostasis, inflammatory markers and in leptin and adiponectin. Patients and methods: Fourteen GHD adults were evaluated at baseline and after 1 year of GH therapy. All patients were compared at baseline with 28 age-, sex-and body mass index (BMI)-matched control subjects. Results: At baseline, GHD adults showed higher PAPP-A levels (PZ0.03) and higher leptin (PZ0.04), fibrinogen (PZ0.002) and highly sensitive C-reactive protein (PZ0.01) values than controls. Therapy with GH reduced PAPP-A (PZ0.03) and fibrinogen levels (PZ0.002) while increased BMI (PZ0.01) and reduced waist-hip ratio (WHR; PZ0.05) were observed. Insulin and homeostasis model assessment of insulin resistance index increased after treatment (P!0.004/PZ0.007), without changes in leptin or adiponectin levels. PAPP-A values correlated positively with BMI and WHR and negatively with adiponectin before and after treatment, with no correlation with glucose homeostasis parameters, lipid profile or leptin. Conclusions: Our study suggests that PAPP-A expression is increased in GHD adults, and that 1 year of GH replacement therapy is able to reduce PAPP-A levels in this population. However, further studies are required to determine whether this decrease correlates with an improvement in atherosclerosis.
Introduction
Accumulated evidence has shown that untreated growth hormone-deficient adults have increased cardiovascular morbidity and mortality, exhibiting a higher occurrence of atherosclerotic plaques and increased intima-media thickness (IMT) of the common carotid arteries. Cardiovascular risk factors described in this population include altered body composition with truncal adiposity, detrimental changes in lipid profile, insulin resistance and impaired exercise capacity, among others (1) (2) (3) (4) .
There is evidence that GH replacement in patients who acquire growth hormone deficiency (GHD) in adulthood improves some of these deleterious effects (5) (6) (7) , thereby diminishing cardiovascular risk (8) (9) (10) . However, most studies report unchanged insulin sensitivity after GH therapy when compared with baseline (3, 11, 12) . Since GH exerts a significant effect on adipocyte metabolism, it has been postulated that adipokines, such as leptin and adiponectin, may play an important role in the effects of GH on glucose homeostasis (13) .
Pregnancy-associated plasma protein-A (PAPP-A) is a high-molecular-weight metalloproteinase produced by human artery vascular smooth muscle cells, which degrades insulin-like growth factor-binding protein-4 (IGFBP-4), increasing the levels of local unbound IGF-I (14) . Although IGF-I has been considered a mediator of plaque growth, recent clinical and experimental evidence suggest that IGF-I may instead provide protection against ischaemic vascular diseases through its anti-apoptotic and anti-inflammatory activities and its action on vasodilatation and vasculogenesis (15) . PAPP-A has been found to be abundantly expressed in eroded and ruptured atherosclerotic plaques, but only minimally expressed in stable plaques, and has been proposed as a marker of increased risk of atherothrombotic events in general, although elevated levels have been reported in patients with acute coronary syndrome (16) and ischaemic stroke (17) . In addition, PAPP-A seems to be a marker for systemic atherosclerosis, although associations between PAPP-A levels and IMT (18) or atherosclerotic peripheral arterial disease (19) have been found. After experimental injury, PAPP-A and IGF-I expressions in vascular cells are increased, suggesting that activation of the PAPP-A/ IGF-I system is a part of a very early response to ischaemia aimed at increasing delivery of IGF-I to jeopardised tissues (14) . Moreover, in a recent report, it has been described that individuals with low circulating IGF-I levels have a significantly increased risk of developing ischaemic heart disease during a 15-year follow-up period (20) .
There is evidence that inflammation plays a crucial role in the pathogenesis of atherosclerosis. Highly sensitive C-reactive protein (hsCRP), an acute-phase protein produced predominantly by hepatocytes under the influence of cytokines, such as interleukin-6 (IL-6), has been validated as one of the best cardiovascular risk markers (21) . Some studies have demonstrated that GH replacement in GHD adults has beneficial effects on peripheral markers of inflammatory activity such as plasma hsCRP, IL-6 and fibrinogen (22) (23) (24) .
The aim of this prospective open-design study was to evaluate PAPP-A levels in GHD adults at baseline and after 1 year of GH replacement and correlate them with changes in body composition, lipid profile, glucose homeostasis, inflammatory markers and in leptin and adiponectin levels. To our knowledge, no data on serum PAPP-A concentrations in GHD patients have been reported.
Patients and methods
Fourteen adult-onset GHD subjects (five men/nine women) considered for GH replacement therapy were evaluated. The characteristics of these patients are described in Table 1 . All patients had complete pituitary insufficiency, with a mean duration of GHD at enrolment of 19.1 months (range: 14-26 months). Panhypopituitarism was due to pituitary nonfunctioning adenoma (nZ10), hypothalamic tumour (nZ2), empty sella syndrome (nZ1) and autoimmune hypophysitis (nZ1). All patients with a pituitary or hypothalamic tumour underwent surgery, and eight patients with pituitary adenoma also received radiotherapy. A GH peak !3 mg/l confirmed the diagnosis of GHD during insulin-induced hypoglycaemia. All women under 50 (nZ6) were on transdermal oestrogen replacement therapy and all men were receiving testosterone. Other hormone deficiencies were adequately replaced for at least 12 months before enrolment, with stable doses being maintained during the study period. Adrenocorticotrophin-and thyrotrophin-deficient patients were treated orally with three daily doses of hydrocortisone acetate (20-30 mg/day) and one dose of levothyroxine (50-150 mg/day) respectively. Desmopressin was given when necessary. No patient received fludrocortisone. Adequacy of replacement therapy was periodically assessed by measuring serum-free thyroid hormones, testosterone, urinary free cortisol and blood pressure. None of the patients received any other medication. Subjects with renal disease, hypertension, diabetes mellitus or previous cardiovascular events were not eligible for the study. At study entry, all GHD patients had a normal electrocardiogram and no alterations were observed on cardiovascular physical examination.
All patients were evaluated at baseline and after 1 year of GH replacement therapy. The mean initial dose of recombinant human GH (Genotonorm) was 0.39 mg/day (range: 0.20-0.80), with a mean final dose of 0.47 mg/day (range: 0.20-0.81), with no differences being observed between males and females. GH doses were individually titrated to keep serum IGF-I concentrations within the normal age-related range. The large variation in GH dose at the start of the study and after 1 year of replacement was due to patients' clinical characteristics: two young adult patients, aged 18 and 19 years, required higher doses than the average in GHD adult patients. Two other patients had short stature and low weight and were thus receiving lower doses of GH.
Patients were compared at baseline with 28 healthy control subjects matched for age, sex, BMI and menopausal status, recruited from medical and paramedical personnel of our hospital. Their characteristics are described in Table 1 . None of the control subjects or GHD adults had any evidence, based on medical history, of active cardiovascular or other systemic disease. The research procedures in both groups were performed in the same research unit and by the same researchers as GHD patients. Controls and GHD patients were nonsmokers and had a sedentary life style.
All patients and controls gave their written informed consent for the study, which was approved by the hospital ethics committee.
Anthropometry, body composition and blood pressure measurements
Weight, body mass index (BMI, kg/m 2 ) and waist-hip ratio (WHR) were calculated at baseline and 1 year after initiation of treatment. In GHD patients, body composition was measured by multifrequency bioelectrical impedance analysis (Holtain BC Analyser, Dyfed UK) before and after the treatment periods.
Blood pressure was taken in the right arm, with the subject in a relaxed sitting position. The average of three measurements with a mercury sphygmomanometer was used for analysis.
Biochemical assays
Blood samples were collected after an overnight fast and were immediately centrifuged, and serum kept frozen at K80 8C until assayed.
Plasma glucose, cholesterol and triglycerides were determined with a routine clinical chemistry laboratory analyser. HbA1c was measured in blood samples with EDTA by high-pressure liquid chromatography using a fully automated Menarini HI-AUTO A1c 8140 analyser manufactured by Arkray (Kyoto, Japan) with an interassay coefficient of variation (CV) of 3.0 and 1.8% at HbA1c levels of 4.8 and 9.0% respectively (reference range: 3.7-5.1%). Immunoreactive insulin concentrations were measured using an automated enzyme chemiluminescence immunoassay (Immulite 2000, DPC, Los Angeles, CA, USA). Assay sensitivity was 2 mIU/l. The intra-and inter-assay CV were below 5.5 and 7.3% respectively. Insulin resistance was assessed by the homeostasis model assessment of insulin resistance (HOMA-IR) and calculated from fasting plasma insulin and fasting plasma glucose concentrations as follows: HOMA-IR indexZfasting insulin (mIU/l)!fasting glucose (mmol/l)/22.5. Serum IGF-I was measured by RIA after separation of the binding proteins by acid-ethanol precipitation (Nichols Institute Diagnostics, San Juan Capistrano, CA, USA). The assay was calibrated against international reference preparation 87/518. Intra-assay CV was 6.3 and 4.9%, and inter-assay CV was 12.3 and 6.8% for IGF-I concentrations of 100.1 and 177.2 mg/l respectively. Assay sensitivity was 13.5 mg/l. Serum adiponectin concentrations were measured with a commercial double antibody RIA (Linco Research Inc., St Louis, MO, USA) with intra-and inter-assay CV below 6.2 and 9.2% respectively. Assay sensitivity was 1 mg/ml. All plasma samples were diluted 1:250 to yield an effective range of 0.2-50 mg/ml. Serum leptin concentrations were measured with a commercial RIA (Linco Research Inc.) with intra-and inter-assay CV of 3.4-8.3 and 3.6-6.2% respectively. The sensitivity of the assay was 0.5 ng/ml. The reference range (median; 5th-95th percentiles) for leptin obtained in normal-weight women was 10.4 ng/ml (2.8-37.6 ng/ml) and in normal-weight men 3.7 ng/ml (1.2-9.2 ng/ml). Serum CRP concentrations were measured using an ultrasensitive CRP test (N high-sensitivity CRP) on a BP-ProSpec nephelometer (Dade Behring, GMBH, Marburg, Germany) with an inter-assay CV of 3.7 and 3.5% for CRP concentrations of 2.38 and 52.2 mg/l respectively. The sensitivity of the assay was 0.175 mg/l, performed using a sample dilution of 1:20. Serum IL-6 concentrations were measured using an enzyme chemiluminescence immunometric assay (Immulite, DPC) with an inter-assay CV of 3.75 and 5.9% for IL-6 concentration of 78.5 and 460.0 pg/ml respectively. Fibrinogen was measured by coagulometrynephelometry. Ultrasensitive PAPP-A was measured in serum using an ELISA (DSL, Active US PAPP-A ELISA Diagnostic Systems Laboratories Inc., Webster, TX, USA) with an inter-assay CV of 8.5 and 5.3% for PAPP-A concentrations of 2.5 and 10 mIU/l respectively.
Statistical analysis
Descriptive results are expressed as meanGS.D. or median (interquartile range). Departure from normality was assessed by the Kolmogorov-Smirnov distribution test. Comparisons between groups were made using the Mann-Whitney U test. The Wilcoxon test was used to compare quantitative variables before and after GH treatment. Relationships among variables were tested by Spearman's correlation coefficient. IGF-I results were expressed as SDS from the age-related reference population. The number of SDS from the age-related reference population mean was calculated for each value: SDSZ(Ln value-mean of the Ln values)/S.D. of the Ln values. A P value !0.05 was considered statistically significant. All statistical calculations were performed using the Statistical Package for Social Science (SPSS) for personal computers, version 12.0 (SPSS, Chicago, IL, USA).
Results

Comparison at baseline between GHD patients and control subjects
At baseline, diastolic blood pressure was lower in GHD patients than in controls (64.00G8.00 vs 73.36G 9.66 mmHg; PZ0.02), but no statistical differences were observed in systolic blood pressure. Neither were significant differences found in weight, WHR, fasting plasma glucose, HbA1c, insulin, HOMA-IR, serum total cholesterol, triglycerides and adiponectin. PAPP-A concentrations were significantly higher in GHD patients than in control subjects (1.22G0.83 vs 0.92G 0.56 mIU/ml; PZ0.03). Serum leptin (24.69G16.12 vs 13.69G12.01 ng/ml; PZ0.04), fibrinogen (401.41G 126.41 vs 289.02G43.00 mg/dl; PZ0.002) and hsCRP (3.77 (1.90-6.70) vs 0.70 (0.30-2.01) mg/l; PZ0.01) levels were also higher in patients than in controls. Results are shown in Table 1 .
Effects of GH treatment
After 1 year of GH replacement, weight (67.90G13.69 vs 69.70G13.7 kg; PZ0.03) and BMI (26.41G3.91 vs 27.27G3.62 kg/m 2 ; PZ0.01) increased while WHR decreased almost significantly (0.89G0.07 vs 0.87G 0.05; PZ0.050). Insulin concentrations (6.59G3.74 vs 10.46G7.00 mIU/l; PZ0.004) and HOMA-IR index (1.44G0.88 vs 2.46G1.74; PZ0.007) were significantly higher after replacement. No differences were observed in glucose levels, HbA1c, lipid profile, adiponectin and leptin levels before and after GH treatment. Fibrinogen decreased significantly after 1 year of GH therapy (401.41G126.41 vs 318.92G 92.20 mg/dl; PZ0.002), but no significant changes were found in hsCRP or IL-6, although they showed a tendency towards a decrease. Serum PAPP-A concentrations were significantly lower after 1 year of GH replacement (1.22G0.83 vs 0.99G0.66 mIU/ml; PZ0.03). Results are shown in Tables 2 and 3 .
Relationships among PAPP-A, body composition, adipokines, parameters of glucose metabolism, inflammatory markers and lipid profile
In GHD patients, PAPP-A correlated positively with BMI at baseline (rZ0.57; PZ0.03) and after GH therapy (rZ0.66; PZ0.01) and also with WHR before (rZ0.58; PZ0.04) and after replacement (rZ0.67; PZ0.02). Adiponectin levels correlated inversely with PAPP-A at baseline (rZK0.53; PZ0.04). No other relationship was observed between PAPP-A concentrations and the other parameters studied, and neither between DPAPP-A and changes in IGF-I, inflammatory markers, BMI or WHR. Glucose homeostasis parameters and lipid profile did not correlate with leptin and adiponectin levels.
Discussion
The main findings of the present study were that PAPP-A serum concentrations, which seem to be a marker for systemic atherosclerosis, were higher in GHD patients than in controls and that GH replacement was able to lower PAPP-A levels in these patients. To our knowledge, this is the first study to analyse serum PAPP-A levels in GHD adults. At baseline, as was expected owing to the increased risk of atherosclerosis in the GHD population, our GHD patients exhibited higher PAPP-A levels than controls. Although the effects of GHD on vascular tissues in our cohort might have been mild at baseline due to the short duration of hypopituitarism, PAPP-A could have acted as a marker of subclinical atherosclerosis. After 1 year of GH replacement, PAPP-A concentrations decreased significantly, which could suggest that GH replacement in GHD adults may reduce progression of atherosclerotic plaques. In agreement with our findings, a recent study reported an improvement in endothelial function and a reduction in arterial stiffness after GH replacement (25) . Moreover, another study of 36 adult-onset GHD patients who received GH replacement for 2 years showed a decrease in IMT of common carotid arteries (10), further supporting the results, suggesting that GH therapy may improve early atherosclerotic vascular alterations. Nevertheless, as PAPP-A is a protease that increases IGF-I bioavailability in tissues by cleaving IGFBP-4, elevated PAPP-A levels in GHD adults could be a response to IGF-I deficiency. GH replacement has been shown to normalise IGF-I, thereby improving vascular reactivity (3). In our patients, GH therapy could have lowered PAPP-A concentrations perhaps as a response to a major IGF-I availability. However, we could not find a relationship between changes in IGF-I and changes in PAPP-A levels.
Based on the evidence, protein markers of inflammation have been studied as non-invasive indicators of underlying atherosclerosis in apparently healthy individuals. In our study, we analysed these inflammation parameters as other markers of atherosclerotic vascular disease besides PAPP-A. Some studies have demonstrated that GH replacement in GHD patients has beneficial effects on peripheral proteins of inflammatory activity such as fibrinogen, hsCRP and IL-6 (22-24). However, other authors have reported no changes in these markers after GH therapy (26) (27) (28) .
Plasma fibrinogen level seems to be an important predictor of cardiovascular disease. In a recent large meta-analysis, a log-linear relationship was found between plasma fibrinogen and vascular heart disease, stroke and mortality due to other cardiovascular events (29) . In our GHD cohort, fibrinogen levels at baseline were higher than in controls, and decreased significantly after 1 year of GH replacement, thus supporting the notion that GH treatment in GHD adults could reduce cardiovascular risk. Nevertheless, we were unable to find a correlation between PAPP-A concentrations and fibrinogen levels at baseline or at the end of the study.
A statement from the Centers for Disease Control and Prevention and the American Heart Association concluded that hsCRP levels O3 mg/l could estimate high cardiovascular risk (30) . As reported by other authors (28) , our GHD adults showed at baseline elevated hsCRP levels, significantly higher than controls, which may put them at high cardiovascular risk. GH therapy lowered hsCRP levels practically to normal range, although changes were not significant. Changes in IL-6 concentrations did not reach statistical significance either (Table 3 ). This slight but not significant decrease in hsCRP and IL-6 levels could have been due to an increased HOMA-IR index after GH replacement, though emerging laboratory and epidemiological data show strong associations between insulin resistance and hsCRP and IL-6 levels (31, 32) .
Although BMI increased after GH therapy, WHR decreased compared with basal measurements. This may reflect an effect of GH on limiting central body fat deposition, thereby preventing the increase in WHR that occurs in untreated patients (33) , which confers on them a higher cardiovascular risk. Interestingly, in our GHD adults, PAPP-A levels correlated positively with BMI and WHR before and after treatment. As abdominal obesity is associated with higher cardiovascular morbidity and mortality, these findings support the notion that PAPP-A could be a marker of atherosclerosis in GHD patients.
In accordance with recent reports of short-term GH replacement, we observed no changes in cholesterol and triglyceride concentrations after 1 year of treatment (3, 6) . Nonetheless, other longer studies observed a beneficial effect of GH therapy on GHD dyslipidaemia (7, 10) . The association between PAPP-A and cholesterol levels is controversial. In our series, we were unable to find any association between cholesterol or triglyceride concentrations and PAPP-A before and after GH treatment. Table 3 Changes in glucose metabolism, lipid profile, circulating adipokines, inflammatory markers and pregnancy-associated plasma protein-A (PAPP-A) concentrations after 1 year of growth hormone (GH) replacement therapy in GH deficiency (GHD) adults. Insulin concentrations and the HOMA-IR index increased after GH replacement in our patients, although no changes were observed in fasting plasma glucose. Recently, some authors found no changes or impairment in insulin sensitivity after short-term GH treatment (11, 12) while, in contrast to our findings, other reports described an improvement in insulin sensitivity after GH therapy (10, 23) . No relationship between PAPP-A and glucose homeostasis parameters was found in our patients. In a previous study, Aso et al. (18) observed higher PAPP-A levels in diabetic patients with an elevated HbA1c mean (9.6G2%) than in controls, but no relationship between PAPP-A and glycaemic control was evaluated. In contrast, a recent report (34) , observed an inverse correlation between PAPP-A and HbA1c in diabetic patients. All our patients had HbA1c levels within normal range; thus, it is possible that PAPP-A concentrations only correlate with HbA1c when glycaemic control is poor.
In the present study, leptin levels were higher in GHD patients than in controls, which may reflect an increased amount of total body fat. Nevertheless, this cannot be further demonstrated from our study, since fat mass and lean body mass data were unfortunately not available for our controls. No significant differences in leptin levels were found after GH replacement. Some authors have reported that serum leptin concentrations correlate more strongly with s.c. than with visceral fat, though leptin secretion is greater in s.c. adipose tissue (35) . Although WHR decreased after GH therapy in our patients, we could not find any significant changes in fat mass, which may explain the unchanged levels of leptin after 1 year of GH replacement. Nevertheless, it has been reported that 1 year of GH replacement does not affect leptin concentrations, despite a reduction in body fat (3, 12, 36) .
Adiponectin concentrations seem to be influenced by multiple factors, with a negative correlation with BMI being observed (37) . In our cohort, no differences were found in total serum adiponectin levels between controls and GHD subjects, possibly because they were matched for age, sex and BMI. On the other hand, adiponectin levels correlate strongly with insulin resistance (38) , and in our study population, no differences were found in glucose homeostasis between groups. According to previous reports (3, 39) , adiponectin levels did not change during GH treatment. It is interesting to note that although insulin resistance was impaired after GH therapy, adiponectin levels did not vary, perhaps due to the lack of significant changes in fat mass, which suggests that adiponectin does not play an important role in insulin sensitivity of GHD adults. We observed a negative correlation between PAPP-A and adiponectin, probably because PAPP-A correlated positively with BMI in our patients.
In summary, despite the low number of patients evaluated, our study suggests that untreated GHD adults have enhanced PAPP-A expression that could be reduced by GH therapy. However, the mechanisms responsible for this reduction remain to be determined, and could be a matter of debate, thus PAPP-A could act in GH-deficient adults as a marker of early onset atherosclerosis or as a response to IGF-I deficiency. The administration of GH in our GHD cohort did not produce any significant changes in leptin and adiponectin levels, although there was impairment in insulin resistance, which suggests that these adipocytokines do not play an important role in glucose homeostasis in GHD adults. Further and larger studies are required to determine whether the decrease in PAPP-A levels in GHD patients leads to an improvement in atherosclerosis and a reduction in cardiovascular events.
